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ARTÍCULO  ORIGINAL
ABSTRACT 
Pinus subsection Australes is a group of North American hard pines comprising approximately 29 ecologically 
and economically important tree species distributed throughout North and Central America and the Caribbean 
Islands. Previous studies have shown that some species of this subsection share plastid DNA haplotypes, a 
pattern that is attributed to introgressive hybridization or the retention of ancestral polymorphisms. Here we 
describe the morphological and plastid haplotype diversity for this group of species in the states of Guerrero 
and Oaxaca, Mexico. Seven species of Pinus subsection Australes are recognized in the study area, one of 
which, P. patula, includes two varieties. Seven variable sites and nine haplotypes were found in an 840 b.p. 
fragment of the DNA coding region ycf1. Shared haplotypes were found for P. patula var. patula, P. patula 
var. longipedunculata, P. herrerae, and P. tecunumanii. Four of the nine haplotypes found were restricted to 
Oaxaca. Although plastid DNA genealogies are valuable for studying evolution in this group, greater sampling 
of individuals and the inclusion of more variable sites are needed to more accurately infer species relationships. 
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Diversidad de especies y distribución de haplotipos de ADN del plastidio
de Pinus subsección Australes(Pinaceae) en Guerrero y Oaxaca
RESUMEN
Pinus subsección Australes es un grupo de pinos duros de América del Norte que comprende aproximadamente 
29 especies de árboles importantes económicamente y ecológicamente distribuidos a lo largo de toda 
América del Norte y Central y las Islas Caribeñas. Estudios previos han mostrado que las especies de esta 
subsección a menudo comparten haplotipos de ADN de plastidio, un patrón que es atribuido a la hibridación 
LQWURJUHVLYD\ ODUHWHQFLyQGHSROLPRUÀVPRVDQFHVWUDOHV$TXtGHVFULELPRV ODGLYHUVLGDGGHKDSORWLSRVGH
SODVWLGLR\ODPRUIRORJtDSDUDHVWHJUXSRGHHVSHFLHVHQORVHVWDGRVGH*XHUUHUR\2D[DFD0p[LFR6LHWH
especies de Pinus subsección Australes son reconocidas en el área de estudio, una de las cuales, P. patula 
LQFOX\HGRVYDULHGDGHV6LHWHVLWLRVYDULDEOHV\QXHYHKDSORWLSRVIXHURQHQFRQWUDGRVDPSOLÀFDQGRXQIUDJPHQWR
GHSEGH$'1GHODUHJLyQFRGLÀFDQWHycf1. Se encontraron haplotipos compartidos para P. patula 
var. patula, P. patula var. longipedunculata, P. herrerae y P. tecunumanii. Cuatro de los nueve haplotipos 
HQFRQWUDGRVHVWiQUHVWULQJLGRVD2D[DFD$XQTXHODVJHQHDORJtDVGHJHQHVVRQYDOLRVDVSDUDHVWXGLDUOD
evolución de este grupo, se requieren mayor muestreo de individuos y más sitios variables para la inferencia 
de relaciones entre las especies.
Palabras Clave:ELRGLYHUVLGDGÀXMRJpQLFRVRUWHRGHOLQDMHVSLQRVGHOLPLWDFLyQGHHVSHFLHV
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Figure 1. The collection localities for the individuals included in this study.















Morphology and leaf anatomy
Pinus leiophylla6FKLHGHH[6FKOWGO	&KDPLVWKHRQO\VSHFLHV
RIWKLVJURXSLQWKHVWXG\DUHDZLWKGHFLGXRXVIDVFLFOHVKHDWKV
D FKDUDFWHU WKDW LV RWKHUZLVH DOPRVW H[FOXVLYH WR VRIW SLQHV
(PinusVXEJHQXVStrobusPinus lawsonii5RH]OH[*RUGRQKDV
QRQGHFXUUHQWEUDFWVRQLWVEUDQFKHVDQGFRQHSHGXQFOHFRPSDUHG
WR GHFXUUHQW EUDFWV LQP. pringlei 6KDZ 2XUPHDVXUHPHQWV





















Figure 2. Morphological diversity of seed cones for Pinus subsection Australes in Guerrero and Oaxaca. A. Pinus herrerae González 
& Martínez 770. B. Pinus lawsonii Soto Núñez et al. 5307. C. Pinus leiophylla Reyes 1989. D. Pinus oocarpa Yescas de los Ángeles 
75712. E. Pinus patula var. patula Bautista Martínez 73310. F. Pinus patula var. longipedunculata Trejo 3053. G. Pinus pringlei Rico 
489. H. Pinus teocote Román 335. Photographs by Carmen Loyola.
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QXPEHU  DQG SHGXQFOH ZLGWK  7KH YDULDEOH
ZLWKWKHKLJKHVWQHJDWLYHYDOXHIRUWKHVHFRQGFRPSRQHQWZDV
QXPEHURIDED[LDOVWRPDWD
7KH UHVXOWV RI WKH VWDWLVWLFDO DQDO\VHV FRLQFLGHG ZLWK RXU
REVHUYDWLRQ WKDW WKH PRVW XVHIXO FKDUDFWHUV IRU LGHQWLI\LQJ
VSHFLHVRIPinusVXEVHFWLRQAustralesLQ*XHUUHURDQG2D[DFD
ZHUH OHQJWK RI WKH IDVFLFOH VKHDWK DQG QHHGOHV WKH QXPEHU
RI URZV RI VWRPDWDO OLQHV DQG VHHG FRQH SHGXQFOH OHQJWK
TXDOLWDWLYH YDULDEOHV VXFK DV SHUVLVWHQFH RI IDVFLFOH VKHDWKV





ZDVXVHIXOIRUGLVWLQJXLVKLQJP. oocarpa 6FKLHGHP. pringlei, 
P. lawsoniiDQGP. herrerae
7KH DQDWRPLFDO FKDUDFWHUV RI VHFRQGDU\ OHDYHV WKDW ZHUH
FRPSDUHGZHUH WKH WKLFNQHVV RI WKH K\SRGHUPDO FHOOZDOOV
SUHVHQFH RU DEVHQFH RI K\SRGHUPDO FHOO LQWUXVLRQV LQWR WKH
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P. herrerae SHUVLVWHQW ± ± ± ± ± ± VOLJKWO\UDLVHG
P. lawsonii SHUVLVWHQW ± ± ± ± ± ± ÀDWWRVOLJKWO\
UDLVHG
P. leiophylla GHFLGXRXV 1 5 ±  ± ± ÀDWWRVOLJKWO\
UDLVHG
P. oocarpa SHUVLVWHQW ± 5 ± ±±± ± ± XVXDOO\ÀDW




SHUVLVWHQW ± ±± ± ± ± ± ÀDWRUVOLJKWO\
UDLVHG
P. pringlei SHUVLVWHQW ± ± ± ±± ± ± VOLJKWO\UDLVHGWR
VXES\UDPLGDO
P. teocote SHUVLVWHQW ± ± ± ±± ± ± ÀDWRUUDLVHG
Table I. Morphological characters of Pinus subsection Australes species in Guerrero and Oaxaca.












IDFH ± DGD[LDO FRQH SHGXQFOH ± FP
ORQJ î ± FP ZLGH    P. patula YDU
longipedunculata
¶1HHGOHVZLWK±DED[LDOURZVRIVWRPDWD

















7KHVHTXHQFHVRIDOO WKH LQGLYLGXDOVZHUHXVHG WRFRQVWUXFW
DKDSORW\SHQHWZRUN)LJXUH+DSORW\SHRFFXUUHGDWWKH
KLJKHVWIUHTXHQF\Q DQGZDVVKDUHGE\WKHIRXUVSHFLHV
P. lawsonii, P. oocarpa, P. pringleiDQGP. teocote,WZDVQHDU








WKUHH WD[D+DSORW\SH Q  ZDVPDGHXSRI VHTXHQFHV
IURPWKHWZRYDULHWLHVRIP. patulaLWKDGWKHPRVWFRQQHFWLRQV
IRXUWRRWKHUKDSORW\SHVLQWKHQHWZRUN7KHUHPDLQLQJIRXU









VKDSH OHQJWKRI WKHSHGXQFOH DQGPRUSKRORJ\RI WKH FRQH
VFDOHDSH[1HHGOHDQDWRP\KDVORQJEHHQXVHGWRGHOLPLWRU
LGHQWLI\ VSHFLHV RI SLQHV6,11-12 &DUHIXO VWXG\ RIPRUSKRORJ\
DQGQHHGOHDQDWRP\KDVWKHSRWHQWLDORILGHQWLI\LQJSXWDWLYH
QDWXUDOK\EULGV7KHGLVWULEXWLRQRIWKHVSHFLHVVWXGLHGKHUHKDV
EHHQGHVFULEHGSUHYLRXVO\EXW¿QHU VFDOH LQIRUPDWLRQ LV
VWLOOODFNLQJ)XUWKHU¿HOGH[SORUDWLRQDQGKHUEDULXPZRUNDUH
QHHGHGWREHWWHUHVWDEOLVKWKHJHRJUDSKLFGLVWULEXWLRQRIWKHVH
Taxon Hypodermal cell 
shape
Hypodermal cell intrusions 
into mesophyll
Number of resin 
canals
Resin canal position
P. herrerae ELIRUPH DEVHQW  LQWHUQDO
P. lawsonii PXOWLIRUPH SUHVHQW ± LQWHUQDO
P. leiophylla WKLFN DEVHQW ± LQWHUQDO
P. oocarpa WKLFN DEVHQW 5 VHSWDO
P. patula WKLFNRUPXOWLIRUPH SUHVHQW ± PHGLDODQGLQWHUQDO
P. patulaYDU
longipedunculata




P. tecunumanii WKLFN DEVHQW  PHGLDO
P. teocote WKLFN DEVHQW ± LQWHUQDO
Table II. Leaf anatomical characters of Pinus subsection Australes species in Guerrero and Oaxaca. Pinus tecunumanii is also 
included for comparison (see text).
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SODQWLQJ RI HFRQRPLFDOO\ LPSRUWDQW VSHFLHV RXWVLGH RI WKHLU
QDWXUDOUDQJHRIGLVWULEXWLRQ
7KHES IUDJPHQWRISODVWLG'1$FKDUDFWHUL]HG LQ WKLV
VWXG\ R൵HUV FRUURERUDWLQJ HYLGHQFH RI VKDUHG SODVWLG '1$
KDSORW\SHV LQ 1RUWK $PHULFDQ SLQHV $ SUHYLRXV VWXG\
WKDW LQFOXGHG D  ES SODVWLG '1$ DOLJQPHQW IRU ±
LQGLYLGXDOVSHUVSHFLHVRIPinusVXEVHFWLRQAustralesUHFRYHUHG
DOO KDSORW\SHV DV PRQRSK\OHWLF E\ VSHFLHV IRU P. herrerae 
WKUHH LQGLYLGXDOV P. leiophylla IRXU LQGLYLGXDOV DQG P. 
teocote WKUHHLQGLYLGXDOV+RZHYHULQWKLVVWXG\ZHUHSRUW
DP. herrerae LQGLYLGXDO DQGDP. oocarpa LQGLYLGXDOZLWK
WKH W\SLFDO KDSORW\SH RIP. leiophylla DQG WZR KDSORW\SHV
)LJXUH3ODVWLG'1$KDSORW\SHQHWZRUNIRUWKHVWXG\VSHFLHV7KHDUHDRIWKHFLUFOHVLVSURSRUWLRQDOWRKDSORW\SHIUHTXHQF\




208 311 326 470 717 797 819 N Species
 T & T * & * $  P. lawsonii, P. oocarpa, P. pringlei, P. teocote
 T & T * & * &  P. lawsonii, P. oocarpa, P. pringlei, P. teocote
7 * $ T * $ * $ 6 P. herrerae, P. leiophylla, P. oocarpa
6 T $ T * & T $ 5 P. herrerae, P. patula, P. patulaYDUlongipedunculata
5 T $ T * & * $ 2 P. patula, P. patulaYDUlongipedunculata
 T $ $ * & T $ 1 P. patula
 T $ T T & * $ 1 P. patulaYDUlongipedunculata
2 T & T T & * & 1 P. lawsonii
1 T $ T T & T $ 1 P. teocote
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in P. teocote WKDWDUHZLGHVSUHDG LQRWKHU VSHFLHVRIPinus 
VXEVHFWLRQAustrales)XUWKHUHYLGHQFHRIVKDUHGKDSORW\SHV
SUHYLRXVO\UHSRUWHGDWDEURDGHUJHRJUDSKLFDOVFDOHZDVDOVR
IRXQGZLWKLQWKHVWXG\UHJLRQIRUP. lawsonii, P. oocarpa, 
P. pringleiDQGP. teocote
6KDULQJRISODVWLGKDSORW\SHVPD\EHZLGHVSUHDGDPRQJFORVHO\
UHODWHG VSHFLHVRI FRQLIHUV DQG VRPHRWKHU WUHHJHQHUD7KH
WZRSURFHVVHVPRVWOLNHO\UHVSRQVLEOHIRUWKLVSKHQRPHQRQLQ
SLQHVDUHLQWURJUHVVLYHK\EULGL]DWLRQDQGLQFRPSOHWHOLQHDJH
VRUWLQJ 7KHVH SURFHVVHV DUH SUREDEO\ PRVW ZLGHVSUHDG LQ
JURXSV RI UHFHQWO\ GLYHUJHG VSHFLHV VXFK DV ZLWKLQ Pinus 
VXEVHFWLRQPonderosaeDQGPinusVXEVHFWLRQAustrales, or in 
\RXQJSXWDWLYHVSHFLHVSDLUVVXFKDVWKH0H[LFDQZKLWHSLQHV
P. ayacahuite DQG P. strobiformis22 /HVV SODVWLG KDSORW\SH
VKDULQJ KDV EHHQ UHSRUWHG IURP RWKHU FRQLIHU OLQHDJHVZLWK
IHZHUUHFHQWO\GLYHUJHGVSHFLHVVXFKDV1RUWK$PHULFDQSLQ\RQ
SLQHV6RPHUHFHQWO\GLYHUJHGOLQHDJHVVXFKDVP. caribaea 
RIPinus VXEVHFWLRQAustrales DOVR VKRZ OLWWOH HYLGHQFHRI
VKDUHGKDSORW\SHVSRVVLEO\GXHWROHVVFRRFFXUUHQFHZLWKFORVH
UHODWLYHVDQGVPDOOHUH൵HFWLYHSRSXODWLRQVL]HV'LVWLQJXLVKLQJ









Australes7KH\ RFFXU ERWK DOORSDWULFDOO\ DQG V\PSDWULFDOO\
WKURXJKRXW WKHPRQWDQH UHJLRQVRI WKH VWDWH$OWKRXJK WKH\
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*HQHWLFV JHQRPLFV DQG EUHHGLQJ RI FURS SODQWV 6FLHQFH
3XEOLVKHUV(Q¿HOG1HZ+DPSVKLUH
 )DUMRQ $ 	 6W\OHV %7 Pinus 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 )ORUD 1HRWURSLFD
PRQRJUDSK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in Pinus 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 ± &DPEULGJH
8QLYHUVLW\3UHVV&DPEULGJH
 'HOJDGR 3 6DODV/L]DQD 5 9i]TXH]/RER$:HJLHU0
$ ÈOYDUH]%X\OOD (5 9HQGUDPLQ ** 	 3LxHUR '
,QWURJUHVVLYH K\EULGL]DWLRQ LQ Pinus montezumae /DPE
DQGPinus pseudostrobus /LQGO 3LQDFHDHPRUSKRORJLFDO
DQGPROHFXODUFS665HYLGHQFHInt. J. Plant. Sci. 168(6), 
±
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+HUQiQGH]/HyQ6*HUQDQGW'63pUH]GH OD5RVD-$	
-DUGyQ%DUEROOD / 3K\ORJHQHWLF UHODWLRQVKLSV DQG VSHFLHV
GHOLPLWDWLRQLQPinusVHFWLRQTrifoliaeLQIHUUHGIURPSODVWLG
'1$PLoS One 8(7)H
+RQJ<3 .UXSNLQ$%	 6WUDXVV 6+ &KORURSODVW'1$
WUDQVJUHVVHVVSHFLHVERXQGDULHVDQGHYROYHVDWYDULDEOHUDWHV
LQWKH&DOLIRUQLDFORVHGFRQHSLQHVPinus radiata, P. muricata, 
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 5 'HYHORSPHQW &RUH 7HDP 5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IRUVWDWLVWLFDOFRPSXWLQJ9LHQQD$XVWULD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Pinus patula Schltdl. & Cham. var. patula
México. Oaxaca. 7HUUDFHUtD/D9HQWD-5H\HV/D&LPD0,$OYDUDGR)ORUHV/RPDWLFR-&%DXWLVWD
0DUWtQH]









Pinus teocote Schiede ex Schltdl. & Cham. 
México. Oaxaca. $JXD&RORUDGD,0DUWtQH]0DUWtQH]&HUUR0DQWHFD-/)ORUHV1LFDQRU<DFXQL0,
$OYDUDGR)ORUHV/D&LpQDJD-/)ORUHV1LFDQRU/D-R\DGHO)UHVQR7<HVFDVGHORVÈQJHOHV
5tR0LOSDV5%DTXHGDQR3HUDOWD%DUUDQFDGHO=RSLORWH-&&DOYLOOR*DUFtD6DQ)UDQFLVFR+LJRV5
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